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REPORT OF TESTS ON TURBINE UNITS NOS. 1 AND 8 

IN THE 

FISK. STREET STATION 

OF THE 

COMMONWEALTH ELECTRIC COMPANY. 



RRPORX NO. 1. 

March 29, 1907. 

Mb. Samuel Insull, President, 

Commonwealth Electric Company, 
Chicago, Illiaois. 
Dear Sir:^ 

W« are submitting herewith a report of the tests completed March 6, 1907, on 
Turbine Units Nos. 1 and 8 in the Fisk Street Station of the Commonwealth Electric 
Company of Chicago, Illinoi.s. 

These teats have been planned and carried on in general conformity with the in- 
stnictions received at your office and further with the discussion of the proposed tests 
at the meeting held in the office of Sargent and Lundy, 1720 Railway Exchange, 
Chicago, on December 27, 1906. At thi.s meeting the following named men were 
priMent: 

Mb. Fbbdebick S.\hgent, Consulting Engineer. 

Phopeksor L. p. Breceenridoe, University of Uliriois. 

Pbofessor Storm Buia, University of Wisconsin. 

Mb. 0. E. OiJiKON, Chief Engineer, Kisk Street Station. 

Fbope-ssor J. C. Thorpe, University of Illinois. 

Disring the progres.s of the preliminary arrangements and the tests, frequent 
consultations have been held with Mr. Olestin and his assistants and the worlt has 
been carried on in complete accord with the operating requirements of the station. 

An accident to Turbo-Alternator No. S, on the morning of February 23, pre- 
vented the completion of the work planned on this unit. The special tests for 
the investigation of the relation between load and steam economy and the 
twenty-four hour trials for determining the Coal Rate of the turbine were thus neces- 
sarily postponed. 
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Por convenience in preparing and reviewing this report, the subject matter is 
presented in three parts, aa follows: 

Part /.—Teats of Turbine Unit No. H. 

Part /i.— Tests of Turbine Unit No. 1. 

Part III. — Comparison of General Hesults of Tests of Turbine Units Nos. I, IV 
and VIII. 

PART I. 

Tests of Turbine I'nit No. 8. 

Object of Tests. 

The principal purpose of this series of tests was to investigate the Steam Econ- 
omy of the turbine for various loads, under the mont efficient eonditious of opera- 
tion. Having nrrived at this very imiwrtant result, an aeeiirate basis for carrying 
on the Contract (iuarantee Tests will have been seeun'd. 

The investigation of a Load Curve, with water rates at the following points: — 
zen> load, with the fields charped : i/i l«ad, 2000 kws. ; '/o load, 4000 kws. ; % load. 
6000 kws.; normal load. 8000 kws.: V/i load, 10,000 kws; I'/a load 12,000 kws.; 
and maximnm load. 

In order to reduce the results to a common basis for purposes of comparison the 
conditi(m8 of operation named in the contract and called Contract Conditions, 
namely: 185 pounds initial {lage Steam Pressure, 125 degrees Fahrenheit superheat 
and 281/i-inch vacuum or I'/^j-ineh alwolutv pressure in the condenser, were agreed 
upon as reference points. This would re;iuire that the proper allowance be made 
for variations in pressure, superheat and vacuum. To arrive at the proper value 
for these corrections, it became necessarj' to make special investigations of the ef- 
fect of the above factors of performance upon the steam economy, and thus deter- 
mine certain curves, called Correction Curves, as follows: 

1. Btrilrr Pressiirr Ciirvr — 11.5 tji 200 pounds gage by increments iif 15 pounds. 

2. Superheat Curve — 25° to 225° Fahr. by increments of about 25 degrees. 

3. Vactium Ciinrs at loads as fotlows:—'jO(m kws.. 8[)(HI kws., lO.iKIO kws., an<l 
12.000 kws., with vacuum varying from 23 to 2!)i^ inches in the condenser. 

In determining these curves, all factors of performance except those under trial 
were maintained as nearly constant as w.-is possible. 

In addition to the work outlined above it was proposed to investigate the in- 
Huenee upou steam economj' of varying the First Stage Pressure and the Speed of 
the machine. The investigation of the fii-st stage pressure is important in deter- 
mining the most efficient conditions for operation. The investigation of the varia- 
tion in speed has no direct bearing upon the primary purpose of this test but is 
exceedingly desirable from the standpoint of research and subsequent design. These 
trials were postponed on aecount of the accident mentioned above. 

METHOD. 
The steam from the turbine, condensed in the base surface condenser, was 
pumped by the motor driven hot well pump intt) the weighing tanks, as indi- 
cated PI. No. CET8-A1. The ui)per tank (A) acted an a storage reservoir fiir 
the condensation during the time the valve controlling the How into the weighing 
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tank, (B), was closed. The water discharired into the temporary hot well tank (C) 
was pumped through the heater and thonee to the boilers. The capacity of the 
weighing tank wtus approximately 16,000 pounds, which in accordance with the plan 
adopted, namely, to take observations every four minutes, afforded ample capacity 
for the maximum flow which was about 190,000 pounds per hour, or 12,668 pounds 
per four minutes. Floats were arranged on tanks (A) and (B) for the convenience 
of the observers in noting the water levels. The large quick opening, Schutte & 
KoertJng valves, which controlled the flow of water into and out of the weighing 
tank, made possible the unusual accuracy in weighing the Turbine Condensation that 
characteried the entire series of tests. 

Careful tests for condenser leakage were made before and after each test, when 
this could be permitted by the operatiu^ conditions in the station. The condenser 
was not found to leak enough in any instance to justify the use of leakage corrections 
in determining the weights of tnrbine condensation. 

In order to determine the weight of steam used by the auxiliaries, a small pump 
was placed in the basement and used to pump the condensation from the heater into 
a tank placed on scales on the turbine room floor. 

In determining the electrical output of the turbo-alternator, the "two meter 
method" was used, as being the most reliable and satisfactory. The portable in- 
struments were connected in "A" and "C" phases and across "B" phase, to give 
readings of pressure, current and wattage. These instriunents as well as the current 
and pressure transformers were supplied from the laboratory of the Chicago Edison 
Company. Electrical observations, in addition to those discussed above, were made 
at the Tiirbine Board, in the Operating Gallery and at the Switch House switch- 
board. 

All of the tests recorded herein were conducted under the commercial conditions 
with the machine operating on the system load. This fact will account for the var- 
iations in the various factors of performance, as indieated particularly on the graph- 
ical n-corda PI. Nits. CETS-Ol to CET8-(i5, inclusive. 

The governing of the apparatus was In the hands of a special operator in the 
operating gallery, who exercised particular care in endeavoring to maintain constant 
load conditions throughout the various trials. 

C.\l,IBRATrON8, 

AH the testing accessory apparatus which admits of correction was carefully cal- 
ibrated by comparison with certified standards. Particular care was exercised in the 
calibration of the portable instnmientp used in measuring the electrical output. This 
was done by comparison with standardized instruments direct from the Bureau of 
Standards at Washington, D. C. 

Observations. 
In order to accomplish the purposes of this series of tests the following observa- 
tions were made, — those pertaining directly to the determination of the electrical out- 
put being made every two minutes, those pertaining to the "steam end" every four 
minutes, and those more general in their nature (room temperatures, for example) 
every 15 or 30 minutes. Some of the readings enter directly into the computations 
of tinal results, while others are desirable as general information, only, showing the 
conditions that obtained during the progress of the tests. 

13 
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Gbi^ebaIi Observations, 

1. Barometer reading. 

2. Outside air temperatnire. 

3. Turbine room temperature. 

4. Switch house temperature. 
Header Room. 

5. Temperature of ateam at header valve. 

6. Pressure at header valve, 

7. Temperature of feed water. 
Turbine Boom. 

8. Temperature of steam before throttle. 

9. Pressure of steajn before throttle. 

10. Temperature of steam at valve chamber. 

11. Pressure of steam at valve chamber. 

12. Initial bowl pressure. 

13. First stage temperature. 

14. First stage pressure. 

15. Second stage temperature. 

16. Second stage pressure, 

17. Third stage temperature. 

18. Third stage pressure. 

19. Fourth stage temperature. 

20. Fourth stage pressure. 

21. Fifth stage pressure (taken at top of condenser in first pass). 

22. Condenser pressure (near middle section). 

23. Condenser temperature (near middle section). 

24. Condenser pressure at bottom of first pass. 

25. Temperature of water to hot well. 

26. Steam pressure to Corliss engine. 

27. Steam temperature to Corliss engine. 

28. K. p. m. of Corliss engine. 

29. Indicator diagrams from Corliss engine. 

30. Weights of water — turbine condensation. 

31. Weights of water — auxiliary condensation. 

32. Weight* of make-up water. 

33. Initial temperature — circulating water. 

34. Final temperature — circulating water. 

Electrical Observations. 
Turbine Room. 

35. Kw. load on machine (Turbine board). 

36. Speed — freqneney (Turbine board). 

14 
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37. Kw. load on machioe (Operating Gallery), 

38. Power factor — operating gallery. 

39. Speed — £ro<inoney — operating gallery. 

40. Excitation — volts — operating gallery. 

41. Excitation — amperes — operating gallery. 

42. Electric inpiit to hot well pump. 

43. Kw. load on machine— indicating meter on Switchboard. 

44. Kw. load on machine — integrating meter on Switchboard. 

45. Kw. load on machine — portable instruments. 

46. Power factor — Switchboard, 

Computed Results. 
Prom the observations given above, the following principal results were ealcu- 
lattnl and appear on the attached Plates. 

1. Atmospheric pressure in pounds per sq. in, 

2. Vacuum in condenser, referred to 30-ineh barometer. 

This item was computed with the mid-section pressure as the basis, on 
account of the inaeurraey of tho spring gage on thp exhaust base. 
■i. SuiMjrheat in degrees Fahrenheit, 
.1 At header valve. 
,2 At throttle. 
.3 At valve chamber, 
.4 First stage. 
.5 Second stage. 
.6 Third stage. 
.7 Fourth stage, 

Plate No. CET8-A:i shows the points in the various stage 
. shells where connections were made for recording the pn-ssiin' 
and temperatures. 
.8 To auxiliaries (Corliss engine). 
4. Turbine speed— R. P. M, 
"). Piston speed of Corliss engiiie^feet pt-r minute, 

6. I. h, p, Corliss engine. 

7. Gross kw. output of Turho-alternator. 

8. Excitation — kws. 

9. Input to hot well pump. 

10, \et output of Turbo-alternator. 

"Xi.'t" here refers to the gross output (Item 7) minus excitation (Item S) and 
input to hot well pump (Item fl). In the series of tests recorded herein, the water 
rate was based upon th? gross output. 

11, Observed water rate of turbine — pounds per Kw. II. 

This item presents the actual steam economy under the conditions of 
operation which obtained during the time the observations were made. 



.Google 



12. Corrected water rate — pounds per Kw. II. 

"Correeted" hero indicates the reference to Contract Conditions pre- 
viously discussed. However, in the cases where "Correetion Curves" are 
being determined, the correction for the particular factor of perftirmaneo 
on trial, e. g. vacuum on the Vacuum Coirection Curve, is not contem- 
plated in the columns marked " Corrected. " 

13. Corrected water rate — pounds per E. II. P. H. 

Plate No. CET8-A1 shows the arrangement of the weifrhinj: tanks. 

14. Water rate of nuxiliancs — pounds per Kw. II. of the Turbine Oross Output, 
and per cent of Turbine Rate. 

Observers. 

The following table shows the distribution of men enpifii'd upon the tests: 
No. Station. Men Recpiired. 

1. Header room 1 

2. Water weighing 2 

3. Turbine gallery 2 

4. Turbine floor 2 

5. Corliss indicator '. 1 

fi. Operating gallery 1 

7, Switch house Switch board 1 

a. Switch house portable instruments ;) 

9, Time keeper 1 

10. General assistant 1 

Total 15 

These men were furnished as follows: Five from the University of Illinois, .") 
from the University of Wisconsin, 3 from the Chicago Edison (Jompany and 2 from 
the office of Sargent & Lnndy. 

Ample and satisfaftory living accommodations were afforded the men from the 
I'niversities at the station during the pro^n-ss of the tests. 

DRAWINGS, D.\TA SIIEET.-t, CirRVE SHEETS. BTC. 

Following is a tabulation of the Plates of drawings, data sheets, curve . 
sheets, etc., which are attached hereto and form a part of this report. 

The number CKT8 has* been chiisen as the eharaeteristie number for these 
plates and indicates "'Commiin wealth Electric Turbine Xo. S.'' The data sheets 
presenting the corrected data and most of the computed results are indicated by the 
series letter L, the graphical log sheets by (i. the performance curve sheets by 
P. the summary sheets by S, and sketches of the apparatus by A. 

1. Arrangement of weighing tanks — CBT8 — ^AI. 

2. Section of Turbine Stages— CET8—A2. 

3. Data sheet— S.OOO Kw. Vacuum Test— 29"— CETP— LI. 
i. Data sh"et— S.OW Kw. Vafuum Test— 27.5"— (■ETP—L2. 
5. Data sh-et— 8.000 Kw. Vacuum Tes:— 26"— CKTH— L3. 

16 
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6. Data sheets 8,000 Kw. Vacuum Test— 24.3"— GETS— L4. 

7. Data sheets 8,000 Kw. Vacuum Test— 23"— CET8— L5. 

8. Data sheet— 5,000 Kw. Vacuum Teat— 23"— GETS— L6. 

9. Data sheel^ 5,000 Kw. Vacuum Test— 24.6"— GETS— L7. 

10. Data sheets 5,000 Kw. Vacuum Test— 25.9"— CBT8—L8. 

11. Data sheet— 5,000 Kw. Vacuum Test— 27.6"— GETS— LIO. 

12. Data shee1^10,000 Kw. Vacuum Test— 29"— GETS— LI 1. 

13. Data sheet— 10,000 Kw. Vacuum Test— 27.5"— GETS— L12. 

14. Data sheet^lO.OOO Kw. Vacuum Test— 24,5"— GETS— L13. 

15. Data sheet^lO,000 Kw. Vacuum Test— 26.1"— CET8—L14. 

16. Data sheet^l2,000 Kw. Vacuum Test— 28.6"— GETS— Iil5. 

17. Data 8heet^l2,000 Kw. Vacuum Test- 27.6"— GETS— L16. 

18. Data sheet— 12,000 Kw. Vacuum Test— 26.8"— GETS— L17. 

19. Data sheet— 8,000 Kw. Superheat Test^l50°— GETS— LIS. 

20. Data sheet— 8,000 Kw. Superheat Test— 125°— GETS— L 19. 

21. Data sheet^8.000 Kw. Superheat Tost^llS"- CET8— L20. 

22. Data 8heet--S,000 Kw. Boiler Pressure Test— 2001b.— GETS— L21. 

23. Data sheet— 8,000 Kw. Boiler Pressure Te9t^l601b.— GETS— L22. 

24. Data sheet— S,000 Kw. Boiler Preaaure Test— 142ib.— GETS— L23. 

25. Data sheet— 8,000 Kw. Boiler Pressure Test— 1 251b.— GETS— L24. 

26. Data sheet— 8,000 Kw. Boiler Pressure Test— 1151b.— GETS— L25. 

27. Data sheet— Maximum Load Test 14,000 Kw— GETS— L26. 

28. Graphic Log— 8,000 Kw. Vacuum Test— 29"— GETS— Gl. 

29. Graphic Log— 5,000 Kw. Vacuum TeBt^29"— GETS— G2. 

30. Graphic Tjog- 10,000 Kw. Vacuum Test— 29"— GETS— G3. 

31. Graphic Log— 12,000 Kw. Vacuum Test— 28.6"— GETS— G4. 

32. Graphic Log— Maximum Load Test— 14,000 Kw.— GETS— G5. 

33. Summary— 8,000 Kw. Vflciuim Test- GETS— SI. 

34. Summarj'— 5,000 Kw. Vacuum Test— CET8— S2. 

35. Summary— 10,000 Kw. Vacuum Test— GETS— S3. 

36. Summary- 12.000 Kw. Vacuum Test— GETS— S4. 

37. Summary— 8,000 Kw. Superheat Test— GETS— S5. 

38. Summary— 8,000 Kw. Boiler Pressure Test— GETS— S6. 

39. Summary- Load Curve— 5,000— 14.000 Kw.— GETS— S7. 

40. Vat-nnm Curves (iiicludin<r Maximum Hconomy)— CETH— PI. 

41. Boiler Pressure and Superheat Gurves— GETS— P2. 

42. Load and Steam Flow Gurves— GETS— P3. 

PROGRAHME. 

The following table presents a schedule of the tests substantially as they were 
carried out. 

Test No. 1.-8,000 Kw. Vacuum Curve. 
Trial No. 1— 2 :00 p. m. to 3 ;56 p. m.— 2-7- '07—29". 
Trial No. 2— 4:12 p. m. to 6;00 p, m.— 2-7- '07—27.5". 
Trial No. 3— 6:20 p. m. to S:00 p. m.— 2-7- '07— 26.0". 
Trial No. 4—11 :30 a. m. to 1 :18 p. m— 2-8- '07— 24.3". 
TrialNo.5— 2:30p.m. to 4:14 p. m.— 2-8- '07— 23.0*. 
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Trial No. 
Trial No. 
Trial No. 
Trial No. 
Trial No. 

Trial No. 
Trial No. 
Trial No. 
Trial No. 

Trial No. 
Trial No. 
Trial No. 

Trial No. 
Trial No. 
Trial No. 

Trial No. 
Ti'ial No. 
Trial No. 
Trial No. 
Trial No, 



Test No. II.- 

1- 4 :30 p. m. to 6 : 

2- 6:30 p.m. to 8: 

3- 8:30p. m. to 10: 
4^ 8;4Sa. m. tolO 
5— 11:00 a. m. tol2: 

Test No. Ill,- 

1— 8 :46 a. 111. to 10 

2- 11 :02 a. m. to 12 

3- 1 :52 p. in. to 3 

4— 3:52 p. m. to 5 

Test No. IV.- 

1— 8 :43 a. m. to 10 

2— 2 :08 p. m. to 4 : 

3— 9;00a. m. to 10 



—5,000 
:18 p. m 
:18 p. m 
:18 p. m 
:44 a. m. 
;40 p. m 

-10,000 
:30 a. m 
:50 p. m, 
:40 p. m 
;40 p. m 

-12,000 
:44 a. m. 
;04p. 



w. Vacuum Curve. 
-2.8- '07—23". 
-2-8- '07— 24.6". 
.2-8- '07— 25.9". 
-2-9- '07— 28.8". 
,.—2-9- '07—27.6". 

Kw. Vacuum Curve. 
—2.12- '07— 29". 
—2-12- '07— 27.5". 
—2-12- '07—24,5". 
—2-12- '07— 26.1". 



1-12 
2— 2 



4^- 6 
5— 8 



Trial No. 1—10 



Test No. 
i30 p. m. to 
:50 p. m, to 4 
r02 p. m. to 9 

T No. VI.— 3, 
:52 a. m. to 11 
■M p. m. to 3 
:20 p. m, to 5 
;16 p. m. to 8 
:56 p. m. to 10 

Test No, 
;16 a. m. to 10 



Kiv. Vacuum Curve. 
,_2-13-'07— 28.6". 
—2-13- '07— 27.6". 
:52 a. m.— 2-14- '07— 26.8". 

, — 8,000 Kw. Superheat Curve. 

:30 p. ra.— 2-14- '07— 150.0°. 
■2-14- '07— 123.7°, 
.2-14- '07— 115.9°. 



10 p, m. 

:30p. 

,000 Kw. 
:48 a. 
lOOp. 
:16p. 
;12p, 



Boiler Pressure Curve. 

-2-22- '07— 2001b, 

-2-22- '07— 1701b. 

-2-22- '07— 1551b. 
— 2-22-'07— 135tb. 
—2-22-'07— 1271b. 



:48p. 

VII. — Maximum Load Test. 
a. m— 2-23- '07— 14,000 Kw. 



PART II. 
Test of Tdkbine No. 1. 
Object of Tests. 

The purpose of undertaking this series of tests was to determine the steam econ- 
fimy of Turbine Unit No. 1 through the range of load limited by zero output with 
the fields charged and I14 load. 

This investigation involves the determination of a load curve with water 
rates at the following points: zero load with the fields charged; y^ load — 1,250 
kws. ; Vs load— 2,500 kws. ; % load— 3,750 kw«. ; full load— 5,000 kws., and ly^ load 
6,250 kws. 

For purposes of comparison, the water rates at different points have been reduced 
to the basis adopted for reference in the tests of Turbine Unit No. 8; viz., 1851b. 
ITHjie initLHl prPMsurc, 125" Pahr. superheat and 28'.^" vae.num or l^A" absolute pres- 

It was not the purpose to make such an extended and complete investigation of 
the turbine performance as characterized the tests of No. 8, but rather to secure more 
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general informatioD, by simpler and shorter methods. On aeeount of this attitude, 
the "Correction Curves" determined in a recent series of tests for Turbine Unit No. 
1, a 5 stage, 5,000 Kw. machine, were used in reducing values of the water rate to 
the oommoQ basis of comparison mentioned ahovi'. lu lieu of any superheat curve it 
was assumed that 15° superheat would bring about a difference of one per cent in 
the water rate. It is unreasonnblc to presume that these assumed corrections will 
introduce an error grrcater thnn the errors of experiment or obscrvatiim. 

Methods. 

The condensation from the turbine and auxiliaries was measured in substantially 
the same manner as for Turbine No. 8. The same system of tanks was used, and 
the same general arrangement, as indicated im PI. No. CET8 — Al. 

Careful tests for condenser leakage were made before and after each test, when- 
ever this could be permitted by the operating reiinirements of the station. This cou- 
dmser was found to leak very badly and leakage corrections have been applied to 
the gross weights of Turbine Condensation to secure the actual steam tiow per Kw. 
hour. 

The electrical output was measured by the same method that was used durintf 
the tests of No. 8. 

All the tests were conducted while the maehine was operating on system lo8<l, 
the governing of the apparatus being in the hands of a special operator in the 
Operating gallery. 

All the testing accessory apparatus was carefully calibrated by comparison with 
certified standards. 

Observations. 

The following observations were made during this series of te.sts, at intervals 
and in a manner de.scribed in the discussion of the tests of No. 8. 
(Several Observations. 

1. Barometer reading. 

2. Temperature of outside air. 

3. Temperature of Turbine Room. 

4. Temperatiire of Switch house. 
Turbine Room. 

5. Pressure of steam inside throttle. 

6. Temperature of steam, inside throttle. 

7. Pressure of steam at the bowl. 

8. Temperature of steam at the bowl. 

9. Pressure of steam in first stage. 

10. Temperature of steam in first stage. 

11.' Pressure of steam in second stage. 

12. Temperature of steam in second .stage. 

13. Vacuum — in first pass. 

14. Temperature in first pass, 

15. Vacuum in second pass. 

16. Temperature in second pass. 

17. Vacuum in third pass. , 
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Is. Temperature in third pass. 

19. Temperature to hot well. 

20. Pressure of steam to au.tiliaries. 

21. Temperature of steam to auxiliaries. 
22., GirculatiDg water — initial temperature. 

23. Circulating water — final temperature. 

24. Weights of turbine condensation. 

25. Weights of auxiliary coodensation. 

26. R. p. m. — Corliss engine. 

27. Indicator diiigrams from Corliss engine. 
Operating QMery. 

28. Load on Turbo-altemator — indicating meter. 

29. Speed — frequency indicator. 

30. Power factor — indicator. 

31. Excitation — volts. 

32. Excitation — amperes. 
Switch House. 

33. Load on Turbo-Alternator — ^Indicating meter. 

34. Load on Turbo-Alternator — Integrating meter. 

35. Load on Turbo- Alternator — ^Portable inatrmnents. 
Computed Results. 

From the observations given above the following principal results were calcu- 
lated, and appear on the attached Plates, which form a part of this report. 

1. Atmospheric pressure — pounds per eq. in, 

2. Vacuum in condenser referred to 30" harometer. 

3. Superheat in degrees Fahrenheit. 

1. After throttle. 

2. In the bowL 

3. First stage. 

4. -Second stage. 

5. To auxiliaries. 

4. Turbine speed — r. p. m, ^ 

5. Piston speed of Corliss engine — feet per minute. 

6. I.H.P. of Corliss engine. 

7. Gross Kw, output of turbo-altemator. 

8. Excitation — Kws. 

9. Net output of alternator. 

"Net" here refers to gross output — Item 7 — ^minus the excitatioa— 
Item 8. All water r^tes recorded herein were based upon the gross out- 
put. 

10. Observed Water Rate of Turbine— pounds per Kw. H. 

11. Corrected Water Rate of Turbine — pounds per Kw. H. 

"Corrected" here refers to the reduction to hypothetical operating 
conditions mentioned above, viz.: 1851b. initial pressure; 125° Pahr. 
superheat, and 28i^ inches vacuum, or 1'^" absolute pressure. 

12. Corrected Water Rate— pounds per B. II. P. H. 

13. Water Rate of Auxiliaries — pounds per Kw. H. of Turbine Gross Output. 
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Observers. 

The following table presents a record of the distribution of the men engaged 
upon the tests: 

No. Station. Men Required. 

1. Water weighing platform 3 

2. Turbine Gallery 2 

3. Condenser Observations 2 

4. Indicating; Corliss Engine ' 1 

5. Operating Gallery 1 

6. Switch house Switchboard 1 

7. Switch house — Portable instruments 3 

8. Switch house — Time keeper 1 

9. General assistant 1 

Total ., 15 

Drawings, Curve Sheets, Etc. 
Following is a tabulation of the PIntea of Drawings, Data Sheets, etc., inclu- 
ded in Part II of this report. 

The symbol CETl has 6een chosen as the ehHraetoristic uiunbiT for these plates 
and indicates "Commonwealth Electric Turbine No. 1." The data sheets presenting 
the corrected observations and most of the computed results are indicated by the 
series letter "fj," the graphical log sheets by "(i," the performauce curve sheets 
by "P," and the summary sheets by "S." 

1. Data sheet— Steam Economy Tests— 3,750 kws.— CETl— LI. 

2. Data sheet— Steam Economy Tests— 5,000 kws.- CETl— L2. 

3. Data sheet— Steam Economy T.»ts— 6,250 kws.— CETl— L3. 

4. Data sheet— Steam Economy Tests— 2,500 kws.— CETl— L4. 
4a. Data sheet— Steam Economy Tests— 1,250 kws —CETl— Ij5. 

5. Data Sheet— Steam Economy Tests— zeni load— CETl— L6. 

6. Summary Sheet— Steam Economy Test— to 6,250 kws.— CETl— SI. 

7. Vacuum and Pressure Curves from No. 4^CET1— PI. 

8. lioad and Steam Plow Curves— CETl— P2. 

Programme. 
The following table presents a schedule oi the tests substantially as they were 
planned and carried ont. 

Test \o. l.—DetrrminatUm of Load Curve. 
Trial No. 1—10:40 a. m. to 12:40 p. m.— 3-5- '07— 3,750 kws. 



Trial No. 2— 1 iJ 
Trial \o. 3— 4:16 p. 
Trial No. 4— 7 :04 p. 
Trial No. 5— 9:20 



m. to 3 :2« p. 
m. to 6:16 p. 
m. to 9 :00 p. 
m. to 11:16 p. 



m.— 3-5- '07— 5,000 kws. 
m.— 3-5- '07— 6,250 kws. 
m— 3-5- '07— 2,500 kws. 
m,— 3-5- '07— 1,250 kws. 



Trial No. 6— 3:12 p. m. to 4:32 p. m.— 3-6- '07— zero load. 
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PABT III, 
Tests op Tubbikes No6. 1, 4 aud 8. 

During February and Mardi, 1906, a series of tests were conducted on Turbine 
Unit No, 4 in the Fisk Street Station. Substantially the same methods were used and 
the same observations made as during the tests of Turbine Nos. 1 and 8, discussed 
in detail in Parts I and II of this report. 

The toad curve, showing the economy of Turbine No. 4 at various loads from 
to 78 per cent over load, has been plotted on Curve Sheet GET — PI, together with 
similar load curves of Turbines Nos. 1 and 8. The comparison of these curves pre- 
sent very strikingly the wonderful development in turbine design and operation since 
September, 1902, when Turbine No. 1 was put in service. 

Plate No. CET — P2 shows the steam flow in pounds per hour of the three 
machines. 
General Discussion. 

No attempt will be made at tliis time to analyze the turbine performance as 
presented herein, or to discuss the rraults obtained. It is our purpose to present this 
discussion in our iinal report of the tests originally planned, which shall include 24 
hour trials of Coal and Water Rate, at the loads indicated on the load curve as the 
most economical points of operation. 

RECAPITULATION. 
Tests op Turbine No. 8. 

I II III IV V 

1. Load— Gross output of generator.... 5,309 8,191 10,156 12,108 14,132 

2. Best observed Water Rate—Kw. H.. . 14.95 12.68 12.94 13.05 13.13 

3. Ditto, corrected for contract condi- 

tions 14.95 13.49 13.07 13.22 13.95 

4. Best observed Water Bate—E.H.P.H. 11.21 9.51 9.71 9.79 9.85 

5. Ditto, corrected for contract condi- 

tions 1L21 10.12 9.80 9.92 10.42 

6. Initial steam gage pressure 180 184 176 182 194 

7. Vacuum— observed 27.6 29.15 29.17 28.6 29.26 

8. Vacuum 30" barometer 28.21 29.44 29.5 29.34 29.31 

9. Superheat— Deg. Fahr. 136 143 147 148 150 

10. First stage gage pressure 28.9 34.0 46.7 50.1 52.5 

Note.— No. I Results from Trial, No. 5—5,000 Kw. Vacuum Test— Rpp PI. No. 

CET8— LIO. 
No. II Results from Trial No. 1—8.000 Kw. Superheat Test— See PI. 

No. CET8— L18. 
No. Ill Results from Trial No. 1-10,000 Kw. Vacuum Test— See PI. 

No. CET8— Lll. 
No. IV Results from Trial No. 1—12,000 Kw. Vacuum Test— See PI. 

No. CET8~L15. 
No. V Results from Trial No. 1— Maximum Load Test— See Pi. No. 

CET8— L26. 
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Tests of Turbines Nos. 1, 4 and 8. 

Operating Conditions. 

Comparative Kesuuts. 

Best Performance. 

Turbine. No. 1. No. 4. No. 8 

1. Nomm.il ratiDg of machine KwB 5,000 5,000 8,000 

2. Load— Gross output Kws 6,137 5,970 10,156 

3. Ditto — per cent normal rating 1.25 1.20 l.'J5 

4. Water rate— iihscrved— lbs per K.W.H 23.85 16.56 12.94 

5. Ditto — corrected for "Contract conditions" 23.94 16.72 13.07 

6. Water Rate— observed— lbs. per E.H.P.H 17.89 12.42 9.71 

7. Ditto, corrected for "Contract conditions" 17.96 12.54 9.80 

8. Initial gage pressure 176.6 174 176 

9. Vacuum observed 28.10 28.00 29.17 

10. Vacuum 30" barometer 28.52 28.30 29.50 

11. SuperheaV-Deg. Pahr 139 184 147 

12. First stage gage pressure 5.66 34.8 46.7 

13. Normal speed B. P. M 500 500 750 

Note — 

1. A considerable condenser leakage necessitated a correction in the steam flow 
of Turbine No. 1. 

2. Results of tests of No. 4 taken from Report of Tests of Tnrfaine No, 4, J. C. 
Thorpe to Mr. F. Sai^nt. April 24, 1906. 

Personnel. 

Under the general supervision of your committee, the details of arrangement and 
conduct of the teats were in charge of Profeeeor J. C. Thorpe, Assistant Professor of 
Steam Engineering of the University of Illinois, Mr. F. W. Huels, Instructor in Steam 
Engineering of the University of Wisconsin, and Mr. A. B. Conrad, Assistant En- 
gineer in chai^ of Electrical Construction at the Fisk Street Station. 

Observations during the tests and the subsequent computations were made by 
the following men : 

University of Illinois. 
H. F. Godeke, Instructor A. Schaller, Student 

M. A. Kendall, Student F. E. Hake, Student 

Frank Welch, Student L. C. Moore, Student 

J. A. Strawn, Student J. H. Hinman, Student 

E. D. Steams, Student J. F. Ervin, Student 

E. 0. Jacob, Student R. D. Jessup, Student 

J. M. Hamit, Student M. L. Millspaugh 

A. H. Ounn, Student 
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Vaiveraity of Wiscoitnin. 


E. C. Greisen 


W. L. Hariey 


A. E. Grunert 


E. S. Hirschborg 


E. H. Wotlaufer 


0. U. Trooein 


W. N. Glaub 


F. N. Maneeold 


C. P. Bleyer 






Chicago Edison Company. 


Mr. Miller 


Mr. Frizbee 


Mr. Kite 






Sargent and Lundy. 


H. E. Letens 


E. Gilroy 



P. Banbury 

Special mention should be accorded the operatinfr etaff at ttie station for their 
very valtiable assistance in promoting the success of these tests. 
Respectfully submitted. 



x2(? 







,^'*««»''«'-»-^ y^yf^ 



.Google 






TANKS usEO ron weisHiNa watcr 

TE5T5 OrrU-RBINC NB.3 

eoMMONweAUTM eLCC.co. emauc/ii. 

/•■isff ar. mTAcrioN 









HOT \,^EUL. 



u 



eUQOgle 



.Google 



.Google 



.Google 



1 






i 








TRIAf No. 1 




Object op TBi.u^-Vacuuiii Curve Showing the i 

relation of 8000 K. W. Economy to Vacmun | 

General Conditions — 29" Vacuum: 134° P. 1 

Palir. Snperlleati 179 lb. Init. Press. j 
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Trial No. 2 



Object op Trial — Vacimin Curve showing 
relation between Vacuum Eind Water Rate. 

Gbnbkai^ Conditions — Load — 8000 K. W. 
14fi° F. Superheat; 27.6" Vacuum. 
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Trial No. a 



Object op Trial — ^Vacuum Curve, showing 
! relation between Vacuiiiii and Water Rate. 
General Conditions— ■JS.S" Vacuum; 138° 
Fahr. Superheat; Loa^l 8000 Kwa. 1 
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Trial No. 4 


Object op Trial— Vacuum Curve Determination 

8000 K. W. 
General Conditions— 146' F. Supht. 
24.6* Vacuum. 
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Trial No. i 




Object op Trial — ^Vacuum Curve to show 
relation between Vacuum sod Water Rate. 
General Conditions— 5000 K. W. 

23- Vacuum. 
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Trial No. 2 



Object op Trial — ^Vacuum Curve. 
5000 K. W. 
General Conditions— 187 lb. loit. Press. 
134° Fahr. Snpht; 24.5" Vaeuum. 
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Trial No. a 



Object of Trial—To Show Helation be- 
tween Vacuum and Water Rate. 

Oeneral Conditions — Load — 5000 K. W. 
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Trial No. 6 



Object op Twai^ — Vacuum Curve for a. 

Load of 5000 K. W. 
Generai, Conditions — 27.5" Vacuum 
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Object op Trial — Vacuum Curve Show- 
ing relation between V&cuum and Load. 
General Conditions— 10000 K. W. 
176 lb. In. Press. 29" Vacuum 147° Spht. 



"T>RAFr FtOE 



. «a 






. &2 






. 63 






. 03 


1 




S2 


ol 




. 62 


B 




. 92 







. 62 
. 81 


*■ 




62 







82 






61 






62 






62 


« 




62 






62 






82 






82 






62 






z 


•* 




62 


5 




82 


S 





SB.e ' 

GS,5 



SB.e 1D1.9 31" 



Bunmetgr 29.72" 
Outalda Tamp, 23° F. 
ISqulT. Vac. e 30- Barom. Ukan 
Irom tin, Sk. rsadlnsi of tbci 



■CorrMtlolu made lor | 
•nd •nparhuL 



CETe-L 11. 



yGooQie 



.Google 











Trial No. 2 






Object of Trial — 10000 K.W. determina- 
tion Vacuum Curve. 

General Conditions— 27.6 Vacuum. 
176.6 lb. Initial Pressure. 143° Superheat. 
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